Background. Several studies have discussed the benefits of multidisciplinary collaboration in primary care. However, what remains unclear is how collaboration is undertaken in a multidisciplinary manner in concrete terms. Objective. To identify how multidisciplinary teams in primary care collaborate, in regards to the professionals involved in the teams and the collaborative activities that take place, and determine whether these characteristics and practices are present across disciplines and whether collaboration affects clinical outcomes. Methods. A systematic literature review of past research, using the MEDLINE, ScienceDirect and Web of Science databases. Results. Four types of team composition were identified: specialized teams, highly multidisciplinary teams, doctor-nurse-pharmacist triad and physician-nurse centred teams. Four types of collaboration within teams were identified: co-located collaboration, non-hierarchical collaboration, collaboration through shared consultations and collaboration via referral and counter-referral. Two combinations were commonly repeated: non-hierarchical collaboration in highly multidisciplinary teams and co-located collaboration in specialist teams. Fifty-two per cent of articles reported positive results when comparing collaboration against the non-collaborative alternative, whereas 16% showed no difference and 32% did not present a comparison. Conclusion. Overall, collaboration was found to be positive or neutral in every study that compared collaboration with a non-collaborative alternative. A collaboration typology based on objective measures was devised, in contrast to typologies that involve interviews, perceptionbased questionnaires and other subjective instruments.
Introduction
Healthcare practice is highly dynamic, increasingly multidisciplinary, ad hoc and largely dependent on distributed human collaboration (1) . Primary care may comprise multidisciplinary teams of up to 30 professionals, including physicians, nurses, midwives, dentists, physiotherapists, social workers, psychiatrists, dietitians, pharmacists, administrative staff and managers (2) . Furthermore, primary care is patient-centred, so the disciplines of the professionals who treat a patient, and the distribution of their roles (e.g. who will be team leader), change according to patient needs. Collaboration between team members in order to deliver integrated patient-centred care is considered crucial (3) (4) (5) (6) and has been found to improve outcomes in patients with diabetes (7, 8) , anxiety, depression (9) and other conditions (10, 11) . Although a large volume of research into multidisciplinary collaboration in primary care has been conducted, the mode of collaboration itself remains unclear in terms of how those involved collaborate in practice (12) across disciplines and diagnoses.
The term multidisciplinary team is used to refer to a group of professionals from two or more disciplines who work on the same project, independently or in parallel (13) . The concept of 'collaboration' in the healthcare context is a process of problemsolving, shared responsibility for decision-making and the ability to carry out a care plan while working towards a common goal (14, 15) . Two key elements have been identified: (i) the construction of a collective action that addresses the complexity of patient needs and (ii) the daily team dynamics that help integrate the perspective of each professional and in which team members respect and trust one another (13) . These dynamics may include telemedicine consultations, computer-mediated interactions (16) , joint care and home visits (17) (18) (19) (20) .
Because of the complexity of the multidisciplinary collaboration dynamic, we structure our analysis using a five-component model, with the following dimensions: 'interdependence', whereby team members contend that their jobs are dependent on one another; 'newly created professional activities', through which joint acts can achieve more than what might be achieved by acting independently; 'role flexibility', which demands less hierarchical relationships; 'collective ownership of goals', which includes sharing responsibility throughout the entire process; and 'reflection', whereby members' awareness of their teamwork strengthens relationships and effectiveness (21) .
This work aims to describe in a structured way how collaboration actually takes place, especially focusing on the disciplines involved in the collaboration and the collaborative activities that are undertaken. The goal of this work is two-fold: (i) to characterize the mode of collaboration according to team composition and collaborative activities, identifying whether certain forms of collaboration are repeatedly found in primary healthcare settings, and (ii) to determine whether collaboration has an impact on patient outcomes. To accomplish our goal, we conducted a systematic literature review of articles that describe implementation of collaborative multidisciplinary care in primary care across different settings.
Methods

Search strategy
The following databases were searched: (i) MEDLINE (PubMed and OvidMedline), (ii) ScienceDirect and (iii) Web of Science. The search string was ('collaborat*' or 'teamwork' or 'cooperat*') and ('multidisciplinary' or 'interprofessional' or 'between professionals' or 'interdisciplinary' or 'multiple disciplines') and 'health'.
Inclusion and exclusion criteria
We reviewed articles in English, published in scientific journals with peer-reviewing processes between January 2005 and October 2016. The articles pertained to the area of healthcare and described patient care delivered by multidisciplinary teams working collaboratively. Only articles related to primary care cases were included.
Non-primary source articles (e.g. systematic reviews), investigations unrelated to health conditions (e.g. collaborative learning) and articles pertaining to veterinary research were excluded. Articles that did not describe collaborative activities in detail and articles with no evidence of implementation (e.g. protocols, theoretical articles) were excluded.
Study selection and bias assessment
First, two researchers (R1 and R2) performed independent screenings of titles and abstracts, cross-checking them against the inclusion/exclusion criteria. If discrepancies arose, each researcher reviewed the article a second time. If the discrepancy was still not resolved, the article was included in the next phase. At this point, 692 articles remained.
Second, one researcher (R1) re-reviewed all the articles, focussing especially on removing those that were not related to primary care. At this point, 281 articles remained. Then, five articles were randomly chosen, and R1 and R2 independently extracted the following categorical data from each article: (i) collaboration context: country, year, urban/rural setting, comparison of results with the non-collaborative alternative; (ii) patient characteristics: diagnosis, average age, number; (iii) disciplines present in the team; (iv) existing roles; and (v) collaborative activities. The data extracted by R1 and R2 had a response match of 83%. Results were discussed and adjusted, and the exercise was repeated with a new set of five articles, achieving a match rate of 93%. Then, having achieved consensus about the categorical data, R1 extracted it for the rest of the articles.
Third, R2 reviewed the full text of the 281 articles, excluding articles that did not comply with the criteria, e.g. those that did not include evidence of implementation. After this step, 109 articles remained. For the full-text analysis, the NVivo 10 software for qualitative research was used with an inductive codification methodology (22) . R2 started by coding each article using the following predefined categories: collaborative activities, teams and roles, and results. During this process, new categories and subcategories emerged, e.g. subcategories for each type of collaborative activity found in the articles were created under 'collaboration activities'. The filtering process is described in Figure 1 , and the final corpus of selected articles can be found in Supplementary Table S1 .
Results
Results of the search
Overall, the 109 articles reported on the treatment of more than 200,000 patients (between 1 and 105,310, median: 147). The average intervention duration was 19 months. Eighty-six articles were outpatient studies, and five corresponded to inpatients, i.e. primary care patients hospitalized because of acute complications. In addition, 18 articles were about home-based treatments. The studies were conducted in 18 countries, of which the most frequent were United States (30%), Canada (24%) and the Netherlands (10%). The studies were mostly from urban settings (93%). Fifty-two per cent of articles reported positive results when comparing collaboration against the non-collaborative alternative, whereas 16% showed no difference and 32% did not present a comparison. The years in which articles were published remained relatively constant, with an increase observed after 2013.
The articles were classified according to the condition that was being treated using the International Classification of Diseases (ICD) 10 catalogue, which is divided into 22 chapters (23) . After the classification, chapters with less than three articles were grouped into the 'Others' category. Articles that mentioned conditions pertaining to more than one chapter were also grouped, as 'Articles with two or more conditions'. The 109 articles were then classified into the following eight groups: Endocrine, nutritional and metabolic diseases (Chapter IV) (7, 17, 19, , mental and behavioural disorders (Chapter V) (56) (57) (58) (59) (60) (61) (62) (63) (64) (65) (66) (67) (68) (69) (70) (71) (72) (73) , diseases of the respiratory system (Chapter X) (74) (75) (76) (77) , diseases of the musculoskeletal system and connective tissue (Chapter XIII) (78) (79) (80) (81) (82) (83) (84) (85) (86) , injury, poisoning and certain other consequences of external causes (Chapter XIX) (87-89), XXI. Factors influencing health status and contact with health services (Chapter XXI) (90) (91) (92) (93) (94) (95) (96) (97) (98) (99) (100) (101) (102) (103) (104) (105) (106) (107) , other chapters (108-122), articles with two or more conditions (123) (124) (125) (126) (127) (128) (129) . Of these, the final two categories were excluded from subsequent analyses.
Multidisciplinarity
The multidisciplinary teams identified in the literature review contained an average of 4.5 disciplines. The teams included a family physician (FP) or general practitioner (GP) in 89% of the articles and a nurse in 72% of the articles. Other disciplines, from most to least common, were dietitian, social worker, pharmacist, psychologist, physiotherapist and occupational therapist. Fifty per cent of the teams included a specialist and 47% included a complementary professional such as an educator, counsellor or chiropractor. The most notorious differences between teams according to patient diagnoses are a lower participation of nurses and dietitians and higher presence of occupational therapists, physiotherapists and social workers in articles about musculoskeletal disorders (P-value < 0.05); a greater participation of dietitians in articles about endocrine, nutritional and metabolic diseases and no participation of dietitians in articles about mental disorders and external causes (P-value < 0.05). No significant differences were identified in the analysis according to countries, because of the small number of articles pertaining to most countries and the limited number of quantitative variables that were compared. There were also no statistically significant differences considering type of care (outpatient, inpatient or home-based care), nor urban/rural settings.
Team composition typology
We categorized teams according to the presence of disciplines therein, by clustering using a k-medoids algorithm (130) . We identified four groups of articles in which the teams had a similar composition, which are described below. Details of the participation of each discipline in each group are shown in Table 1 .
Specialized teams (35 articles)
These are teams with one primary care doctor and one specialist, who interact with one or more professionals from other primary care disciplines. These teams treated pathologies that were less common in our review, including pregnancy among women smokers, palliative care and dementia, and that require specialist assistance. Almost half of the articles (49%) were related to mental care and musculoskeletal disorders. On average, these teams consisted of four disciplines (SD = 1.7), although in four articles where teams had between seven and nine disciplines.
Highly multidisciplinary teams (31 articles)
These are multidisciplinary teams composed of a doctor-nurse duo that works with the support of a nutritionist and specialists and with participation from at least one professional from a complementary discipline, e.g. podiatrist, midwife or counsellor. The articles were primarily related to diabetes and other cardiovascular conditions (48%), involving complex treatments and frequently requiring the participation of a specialist. This complexity demanded the participation of several disciplines, with an average of 6.1 (SD = 1.5) disciplines per case.
Doctor-nurse-pharmacist triad (24 articles)
These are teams with three main professionals, usually a GP, nurse and pharmacist, with support from other primary care professionals, such as a social worker or nutritionist. The articles in which this triad was found were treatments with large numbers of comorbidities that, without presenting further complexities, required the use of multiple medicines that may interact with one another and, thus, potential side effects needed to be controlled. On average, these teams consisted of 4.1 disciplines (SD = 1.8).
Physician-nurse centred teams (19 articles)
These are small teams based on a doctor-nurse duo, with participation of professionals from primary care disciplines, such as psychologist, social worker and dietitian. These teams worked across all diagnoses, except for musculoskeletal disorders. Teams in this cluster consisted of 3.2 disciplines (SD = 1.4) on average. 
Team roles
Among the teams, we identified three roles as the most relevant in primary care: the clinical leader, the case manager and the expert consultant. The clinical leader role is usually fulfilled by the FP or GP. However, in articles related to mental illness, even when care is provided by primary care teams, this role is undertaken by a mental care specialist (60, (64) (65) (66) . In cardiovascular-related diseases, the role is provided by FPs and GPs, although we also found pharmacist-led multidisciplinary teams in settings related to medication management (17, 45) . The case manager role is often added to improve coordination and continuity of care for patients with complex care needs (113) . This role is commonly performed by nurses and is identified as an improvement to traditional practice (24, 28, 87) . The declared goals of case managers include maintaining team coordination, managing the treatment schedule of patients, tracking patient progress, supplying an instrument for communicating the patient's current clinical status to the entire care team (58, 110) , providing counselling to patients, engaging in education for self-management, encouraging adherence to treatments (47, 58, 87) , promoting self-management and preventive care (31, 108) and making referrals to specialists, as required (31, 108) . The role of the expert consultant is particularly prominent in aged care, where the high presence of comorbidities requires the participation of a geriatrician (12, 90, 93, 94) , as well as in mental health care, which dictates the participation of psychiatrists and psychologists (56, 58, 62, 65, 66) .
Collaborative activities in primary care
Teams perform several collaborative activities that enable them to share information about patients, coordinate care, identify problems, develop intervention plans and define shared goals (131) . To understand how teams collaborate, we identified the activities devised by the professionals to meet their objectives. To structure these activities, we used the five-component model (21) as our theoretical framework, classifying the activities according to each of its first four components (see Table 2 ). The fifth component, 'reflection', was not described in the reviewed articles (and it was not possible to infer its occurrence from the details provided in the articles about the collaboration).
In the interdependence component, we found that referrals (collaborative relationships established between professionals for the purpose of referring patients) tend to develop on a case-by-case basis and rely on personal knowledge and trust (25, 81) . We also found that the closeness of this activity is varied, from teams where professionals have practically no contact (19) to those in which, besides from referring patients, professionals experience direct face-to-face communication, regular meetings and the presence of a case manager as coordinator (91) . Types of referrals can be classified into four categories: (i) those from a specialist to a multidisciplinary primary care team (counter-reference), following a specialized intervention (30, 44, 90, 96, 115, 116) ; (ii) those from any professional, regardless of their discipline, to a lifestyle-changing programme or preventive initiative (20, 24) ; (iii) those from a professional to another team member, in order to complement the professional intervention through services provided by other disciplines available within the team (32, 33, 38, 47, 48, 56, 59, 61, 64, 67, 68, 96, 98, 108, 110, 125) ; and (iv) those from primary care to a specialized programme or secondary/tertiary level (commonly done by physicians or nurses), when the necessary skills are absent from the team (46, 65, 66, 77, 81, 83, 95, 97, 99, 106, 108, 110, 123, 126) . Some articles were found to contain In a comparison by cluster for each discipline, grey tones show statistically significant differences (P-value < 0.05).
explicit referrals, although the majority was implicit or difficult to identify. Regarding direct communication, or the informal interaction between team members regarding the treatment of a case, we found evidence of face-to-face and non-face-to-face interaction. Several articles report regular face-to-face contact between professionals for case discussion purposes and describe this as more beneficial than communication via e-mail or telephone (99) . Professionals also declared that collaboration with colleagues was facilitated by colocation (81,100), and there was a perception that direct contact is more conducive to multidisciplinary collaboration (24) , increased awareness and, simultaneously, improved independency of their own practice (56) . Furthermore, collaboration was evident when professionals interacted via systems or equipment, although even when communication of this type was direct between two professionals, it was perceived as distinct from other forms of contact. Direct non-face-to-face communication provided opportunities for the development of rapport, respect and trust in ways not afforded by referral letters and feedback reports (25, 66) . Several articles mention telephone communications between team members aimed at counselling, discussion or reflection about a particular case, as a relevant collaborative tool (34, 47, 56, 59, 67, 91, 94, 125) . Drawbacks perceived by professionals regarding telephone communication included absence of non-verbal cues, how deliberation is most often limited to two professionals and the call receiver may be busy and therefore not fully focussed on the conversation. Videoconferencing (91) was not used in the reviewed articles. We also found e-mail and fax as a non-face-to-face collaborative activity. The objectives of this type of communication included discussion about more complex cases (67, 94) and sharing data, documents or information among team members (76, 88) .
The second component, newly created professional activities, includes telemedicine, which enables collaborative care and the synchronous connection of primary care providers, specialists and patients. In telemedicine, a primary care professional contacts another professional for a specialized consultation. The role of the primary care professional becomes the physical manifestation of the work of the specialist by supervising treatment and ensuring continuity (34, 69, 124) . Team members from different disciplines usually conduct shared visits, defined as a patients' consultation with two or more providers simultaneously. In almost every case, nurses form part of the team, working in conjunction with physicians (32, 92, 119, 124) and, to a lesser extent, pharmacists (26) , dietitians (45) , social workers, occupational therapists (49, 60, 90) and psychologists (51) . Shared home visits are also a part of multidisciplinary care, with the objective of following up patient treatment and performing various assessments, concerning psychosocial issues, caregivers, home safety or depression (69, 90, 91, 93, 94, 96, 97, 103, 109, 123) . Home visits represent a further instance for primary care providers to interact with additional care professionals (100).
In the collective ownership of goals component, we found the presence of meetings, understood as a structured form of contact that responds to a protocol. Common objectives of meetings include setting goals and developing care plans, usually for complex cases that require the intervention of several disciplines (24, 59, 79, 87, 90, 97) , or following up patient progress on a multidisciplinary basis (31, 82, 87, 96, 112) . Other studies report the use of meetings as a feedback tool in team management (39, 41, 109) . We also incorporated an evaluation of the presence of, and activities performed by, a case manager that was identified in the literature as important for defining a collaboration model.
For the fourth component, role flexibility, we found that teams with a non-hierarchical structure where the role of leader was not explicit were more flexible.
Collaborative team interactions typology
We grouped the articles by considering only the presence or nonpresence of collaborative team activities, using the k-medoids algorithm (130) , resulting in four types of collaboration activities. Table 3 shows the percentage of articles in which each collaboration activity appears in each cluster.
Co-located collaboration (38 articles)
These are co-located teams that work in a highly coordinated manner via regular meetings and direct face-to-face communication, but without shared consultations. Furthermore, they include one professional who acts as case manager who, in collaboration with a clinical leader, provides coordination and management. The diagnoses in this cluster are diverse but primarily relate to diabetes and other cardiovascular diseases.
Non-hierarchical collaboration (35 articles)
These teams manage treatment with direct and face-to-face communication between members and have the distinctive feature of not having a clinical leader, which results in continuous horizontal collaboration. The presence of other collaborative activities is anecdotal in this cluster and does not exceed 23% of articles. The diagnoses identified in this cluster are primarily diabetes and other cardiovascular and chronic conditions, corresponding to 54% of articles. 
Collaboration patterns
Following analysis, we classified the articles according to team composition and collaboration activity clusters. The resulting 16 forms of collaboration are shown in Table 4 . This classification enables us to see how some typologies recur throughout the literature. We identified two recurring combinations of team compositions and collaborative activities that were each present in 14 articles. For example, non-hierarchical collaboration in highly multidisciplinary teams is present mainly in teams that treat diabetes and other chronic diseases (11 of 14 articles), with associated comorbidities that require the participation of teams with more disciplines working in a coordinated manner to ensure continuity of care. We call these forms of collaboration that are present recurrently across different articles 'collaboration patterns', because they reflect models that serve as a reference for common forms of collaboration.
Discussion
This work aimed to characterize how collaboration was performed in a structured manner in clinical practice, based on evidence presented in case studies. However, the variables initially designed to characterize the teams, such as group size, interaction frequency and level of awareness, were in some cases absent. Therefore, we searched for identifiable factors in our review, such as team composition and collaborative activities. This differs from factors identified previously, e.g. team size and organizational support (132). It was not possible to find a relationship between the characteristics of the collaboration (team composition, collaborative activities or other information e.g. country, setting) and the clinical outcomes of the studies. This happened for two reasons: first, almost a third of the studies did not provide a comparison of outcomes, and second, in the case of articles that did compare outcomes, the evaluated variables differed in each case, making the studies not comparable.
We identified four distinct groups according to the presence of different professional disciplines. Among these groups, the presence of a group of highly multidisciplinary teams was particularly noteworthy. This group was in almost a third of articles, which highlights the existence of situations in which a 'traditional' team is insufficient. Rather than simply incorporating a specialist, these teams require the presence of at least one complementary discipline. Consequently, an interesting area of future research is to identify whether evidence exists regarding the benefits that may arise from the incorporation of new disciplines into daily practices. Grey tones show statistically significant differences (P-value < 0.05).
We used a systematic process to divide the articles into four collaboration types, according to their similarity in terms of the presence of different collaborative activities in the treatment. The types identified share certain similarities with previous work (133) in which five collaboration models were found: (i) interprofessional team models, (ii) nurse-led models, (iii) case management models, (iv) patient navigation models and (v) shared care models. Interestingly, our study has produced a similar conclusion through a different methodology, whereby significant differences are evident in teams in which a leader is present, the role of case manager exists or shared consultations are provided by several professionals to just one patient.
This study presented a relationship between team and collaboration types, finding e.g. a high number of articles in which specialist teams collaborated in co-located settings. We also studied whether there were relationships between team types and collaborative activities and between collaboration types and the presence of disciplines in each type. We found one statistically significant result through this analysis: family nurses are present in a higher rate in shared consultation collaborations (90%) than in those who collaborate through referral and counter-referral (50%). The literature proposes that nurses tend to collaborate more closely with their teammates, either through meetings or face-to-face, whereas physicians tend to work in a more isolated way, collaborating indirectly (123) .
We found a concentration of articles in certain combinations of team and collaboration styles that determine collaboration patterns that recur systematically throughout the literature. It is not possible to link these combinations to treatment settings or evaluation clinical results, because these depend on a series of variables that cannot be captured in an analysis of this type. However, this analysis can be undertaken using this typology and by comparing, for equivalent patients in similar settings, the results obtained in care provided by teams in which different forms of collaboration are used.
Limitations
The review was limited to primary source studies, and consequently, consolidations from previous studies were excluded. Some of the reviewed articles did not describe the way in which teams collaborate with enough detail, which resulted in parts of the information being unavailable upon extraction. Because this article is a literature review, it was not possible to obtain information regarding the intensity of collaboration in each case, which must be measured via questionnaires or surveys aimed at professionals. The differences between the contexts of each case, in addition to the lack of detail with which collaboration is reported, did not enable us to conduct comparisons.
Conclusion
This systematic review analysed 109 articles related to multidisciplinary collaboration in primary care. Overall, collaboration was found to be positive or neutral in every study that compared collaboration with a non-collaborative alternative. A collaboration typology based on objective measures was proposed.
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